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Abstract 

Morphometric studies of twelve accessions of Sesamumindicum L. were carried out in order to find out characters 

which may be used for the delimitation of the accessions in Nigeria. The drastic increase for nutritional, 

pharmaceutical and agricultural demands of the important crop requires an understanding of the morphological 

features with the view of mapping out breeding strategies. The quantitative and qualitative characters used include 

growth type, leaf shape, leaf type, leaf margin, leaf arrangement, leaf surface, form of stipule, colour of dot at stipule, 

leaf orientation, leaf colour, leaf apex, leaf base, stem type, stem texture, stem colour, calyx colour, corolla colour, type 

of cymose inflorescence, flower aestivation, flower shape, flower colour, fixation of anther, fruit type, fruit shape, fruit 

size, fruit colour (immature, mature and dry colour), fruit end shape, fruit lobes and fruit surface. Quantitative 

morphological characters include plant height, leaf length, leaf breadth, petiole length, pod length, pod breadth pod 

size, number of primary branches per plant, number of leaves per plant and number of pod per plant. Numerical 

analysis of these character data using cluster analysis – average linkage, single linkage, complete linkage and centroid 

method delimit the twelve accessions into five cluster groups which conform to the results of the morphological 

analysis. The result of these morphological variability analyses may set the foundation to detect promising accessions 

for mapping out future breeding schemes of this multi-purpose crop. 
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1. INTRODUCTION 
 

Sesamum (Sesamumindicum L.), a member of 

the order Tubiflorae, family Pedaliaceae is 

perhaps the oldest oilseed known and used by 

human beings (Weiss, 1971). It is an important 

annual oilseed crop in the tropics and warm 

subtropics, where it is usually grown in small 

plots (Bedigian and Harlan, 1986).Renowned 

for its high oil content with seeds that can 

contain up to 60% oil, the oil has a composition 

that provides good health benefits including 

high levels of unsaturated fatty acids (80%) and 

antioxidants. Possibly for this reason, sesame 

oil is widely considered to prevent diseases of 

different kinds (Pham, 2011). Farri (2012) 

reported that it is used in culinary and 

traditional medicines for its nutritive, 

preventive and curative properties. Beside 

food, sesame also finds its uses in application 

areas such as pharmaceutics, industrial, and as 

biofuel. Sesame is a very drought-tolerant 

plant, often called a survivor crop because of 

its ability to survive in regions where most 

crops fail (Pham, 2011). It can survive in both 

tropical and temperate conditions and grows 

well on stored soil moisture with minimal 

irrigation or rainfall. Sesame is a short-day 

plant and is normally self-pollinated, although 

cross pollination ranging from 5 to over 50% 

occurs (Rheenen, 1980; Pathirana, 1994). It is 

an erect herbaceous annual plant that has two 

growth characteristics indeterminate and 

determinate, with the plants reaching heights of 

up to two meters. Most varieties show an 

indeterminate growth habit, which is shown as 

a continuous production of new leaves, flowers 

and capsules as long as the environment 

remains suitable for growth (Carlssonet al., 

2008). The growth period range from 70 to 150 

days depending on the variety and the 

conditions of cultivation (Ashri, 1998).India 

and China are the world’s largest producers of 

sesame, followed by Myanmar, Sudan, 

Uganda, Ethiopia, Nigeria, Tanzania, Pakistan 

and Paraguay (FAOSTAT, 2008).  
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Nigeria is a major exporter of sesame, which 

rated second to cocoa in export volume. 

Nigeria has the potential to become the largest 

sesame seed producer in Africa and the world 

because FAO (2012) reported that Nigeria 

exported 140,800 tonnes of sesame seed worth 

$139 million in 2010.    

Alegeet al. (2013) reported that the wide 

diversity in a sizeable number of sesame 

characteristics poses a problem to proper 

identification of the plant’s taxon and 

addressed this identification problem by 

indicating the vegetative and pod 

characteristics that are species specific for the 

purpose of their easy and quick identification. 

According to Abubakaret al (2011), a 

prerequisite of any genetic improvement 

programme is a focus on morphological, 

anatomical and genetic variability in the local 

germplasm so that breeding strategies can be 

mapped out. Morphological and anatomical 

characters of plants have been used by many 

authors in plant identification (Sapir et al., 

2002; Agbagwa and Ndukwu, 2004; Noraini 

and Cutler, 2009; Soladoyeet al., 2010; Sharma 

et al., 2010). Taxonomic identification has 

been the basis on which plant breeding effort 

are founded such that diagnostic characters are 

assigned to specific or varietal parentage. Thus, 

progress in crop improvement depends to a 

great extent on the ability of the breeder to 

select high yielding varieties with good plant 

characteristics.   

In view of the above facts, the present study 

was undertaken to develop a system of varietal 

identification in Sesamumindicumthrough 

morphological characters.  Also, to identify the 

accessions that can be advanced for further 

improvement. 

 

2. MATERIALS AND METHODS 

 

Collection of materials: Twelve sesame 

accessions were used in this study, which 

consisted of the list of the accessions in Table 

1. The field experiment was carried out in the 

Research Farm of Abubakar Tafawa Balewa 

University Bauchi, Bauchi State, Nigeria. 

 

Data collection: at maturity (at about twelve 

weeks after planting), quantitative 

morphological characters which include plant 

height, leaf length, leaf breadth, petiole length, 

pod length, pod breadth and pod size were 

measured using standardized centimetre rule 

and electronic digital calliper. The mean and 

the corresponding standard errors of ten 

measurements taken for each character as 

suggested by Lawalet al. (2007) were recorded.  

The average number of primary branches per 

plant, number of leaves per plant and number 

of pod per plant were also recorded. Qualitative 

morphological features which include growth 

type, leaf shape, leaf type, leaf margin, leaf 

arrangement, leaf surface, form of stipule, 

colour of dot at stipule, leaf orientation, leaf 

colour, leaf apex, leaf base, stem type, stem 

texture, stem colour, calyx colour, corolla 

colour, type of  cymose inflorescence, flower 

aestivation, flower shape, flower colour, 

fixation of anther, fruit type, fruit shape, fruit 

size, fruit colour (immature, mature and dry 

colour), fruit end shape, fruit lobes and fruit 

surface were recorded based on visual 

assessment. Terminologies used throughout 

were those of Pandey and Misra (2009). 

 

Numerical taxonomy                                    

    

Selection of Operation Taxonomic Units 

(OTU’s): altogether, data matrix comprising 

forty-two characters by twelve accessions were 

used for the cluster analysis which was based 

on Adansonian principles (Sokal and Sneath, 

1973; Pandey and Misra, 2009) which 

suggested that many characters should be used 

for classification purposes. These included both 

qualitative and quantitative morphological 

characters.  

 

Data analysis: the data matrix was analysed 

using hierarchical cluster analysis. The 

agglomeration schedule employed were the 

average linkage between groups, complete 

linkage, single linkage and the centroid method 

Squared Euclidean distance as recommended 

by Lawalet al. (2007) as amended by Zhigila 

and Oladele (2014) was used to measure the 
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distance between OTU’s. The ranges of 

variations of these characters among the OTU’s 

were observed and noted. For the qualitative 

characters, the character states were written out 

against the respective characters in a table. For 

the quantitative characters, the following 

formulae were used to determine the number of 

states K = 1.0 + 3.332 log n where K = number 

of states and n = number of OTU’s. The 

character values in the number of states were 

divided based on the range of variations. The 

programmes were run on a personal computer 

using the IBM Statistical Package for Social 

Sciences (SPSS) version 20.  

 

3.  RESULTS AND DISCUSSION 

 

Tables 2 – 6 and Figs 1 – 12 give the 

summaries of the results of this study. The 

qualitative morphological studies showed a 

very close relationship between the twelve 

accessions. All the accessions had the same 

unipinnate leaf type, green leaf colour, 

indeterminate growth type, erect stem type, 

lateral stipule form, green calyx colour, 

campanulate form of calyx, valvate flower 

aestivation, bell flower shape (Fig. 8), 

basifixed anther, capsule fruit type, oblong fruit 

shape, green immature fruit colours, yellow 

mature fruit and brown dry fruit colour, hairy 

fruit surface and tetralobed fruit lobes (Tables 2 

– 4). The diagnostic morphological features 

used in the delimitation of accessions are the 

leaf shapes which were observed to be ovate, 

lanceolate and cordate (Figs 3 - 5); leaf 

margins – entire, serrate or double serrate; leaf 

bases – acute, cordate or obtuse; leaf apices – 

acute or obtuse(Figs 3 – 5 and Table 2); leaf 

arrangement – opposite (Fig. 7), alternate (Fig. 

6), double opposite, alternate spiral or opposite 

spiral; leaf surfaces – pubescent or glabrous; 

stem texture –pubescent or glabrous; stem 

colour – green or light green; dot at stipule – 

black or yellow; corolla colour – cream or 

purplish white; cymose inflorescence – 

monochasial cyme, dichasial cyme or 

polychasial cyme; fruit end form – dentate, 

cirrhose or cordate (Fig. 10) and fruit sizes – 

small, medium or large (Table 3 – 4 and Fig. 

9).    Morpho-metric features in accessions of 

S. indicum studied were showed in Table 5. 

The average plant heights range from 67.86 – 

115.08 cm in all the accessions with the lowest 

mean recorded in accession Lale-duk (67.86 

cm) and the highest mean in Adaw-wula 

(115.08 cm). The number of branches per plant 

showed a wide variation in the accessions; it 

ranges from 1.6 cm (Ex-Gombe 1) to 89.2 cm 

(Lale-duk). The lowest leaf length mean (3.32 

cm) and leaf breadth (2.26 cm) were recorded 

by Lale-duk, while the highest leaf length 

(12.29 cm) and leaf breadth (4.52 cm) by Ex-

Gombe 2 and Ex-Gombe 6 respectively. The 

accession showing the highest average number 

of pods per plant in all the samples studied was 

Lale-duk (120.20) and the lowest recorded by 

Ex-Gombe 6 (17.00). The length ranges 

between 0.82 – 4.34 cm. fruits of Adaw-wula 

are the largest among the accessions with the 

average size of 232.81 mm while Lale-duk 

recorded the smallest fruit size (75.32 mm).   

The results of hierarchical clustering 

procedures are presented in form of 

phenograms, which are diagrams of 

relationship. The abscissa shows the spacing 

out of the accessions employed in the study 

while the ordinate on the other hand represents 

degree of similarity between and among the 

accessions. Figs 1 and 2 are phenograms of 42 

x 12 data matrix obtained from Average 

Linkage Cluster Analysis and Complete 

Linkage Cluster Analysis using both qualitative 

and quantitative morphological characters. The 

analysis of the values indicated five cluster 

groupings (Figs 1 -2 and Table 6). Complete 

Linkage (CL) clustering method showed that 

cluster 1 is comprised of Ex-Gombe 6, Adaw-

ting (improved) and Adaw-ting; cluster 2 

constitute accession Kenana 4, Adaw-wula, Ex-

Gombe 3 and Ex-Gombe 2; cluster 3 has only 

accessions Lale-duk while two accessions each 

make up cluster 4 (Ex-Gombe 5 And Ex-

Gombe 4) and cluster 5 (Ex-Sudan and Ex-

Gombe 1). Although branching occurred at low 

phenon levels which showed broad similarities 

among the accessions, there are some 

accessions that stand as outliers and do not 

correspond to any group.  
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4. CONCLUSION 

The varietal description for identification of 

crop accessions has assumed critical 

importance in national and international seed 

programmes and there is a considerable need 

for the development of reliable methods and 

identifiable characters for the purpose. The 

characters for which a variety is distinct from 

other could be morphological, chemical and 

biochemical in nature which aids in varietal 

identification Suhasini (2006). The use of plant 

diagnostic characteristics to identify a variety 

has been classical taxonomic approach for both 

varietal purity and varietal identification 

(Suhasini, 2006; Pandey and Misra, 2009). 

The general appearance of the leaves of S. 

indicum in all of the accessions as unipinnate 

with heterogeneous leaf shapes, lanceolate 

(Fig. 3), Ovate (Fig. 4) and cordate (Fig. 5). 

Though, Suhasini (2006) observed only one 

type of leaf shape (lanceolate), Kashiram 

(1930) and Weiss (1971) observed varied leaf 

shapes such as lobed, lanceolate and linear in 

Sesamum genotypes. All the accessions have 

acute or obtuse leaf apices, entire, serrate or 

biserrate leaf margins; acute, cordate or obtuse 

leaf bases; opposite, alternate, double opposite, 

alternate spiral or opposite spiral leaf 

arrangement and pubescent or glabrous leaf 

surfaces which suggest these features to be 

inherent characters.  The leaf colour is one of 

the important characteristics used for grouping 

of the accessions. The leaf colour depends 

upon the intensity of chlorophyll pigmentation 

which in turn varies with genotypes according 

to their genetic constitution. The genotypic 

variation in colour of the leaf is also governed 

to some extent by the varied response to 

environmental conditions such as light 

intensity and nutrition Suhasini (2006). Thus in 

the present investigation, leaf colour of the 

Sesamum accessions varied from light green to 

green. Changes in plant morphological features 

in terms of variation have been attributed to 

small-scale evolutionary processes, a view 

supported by the works of Serebrayanaya and 

Shipunov (2009) in different species of plants. 

In addition to this, leaf size variation in 

taxonomy forms a basis for evolutionary 

changes in plants; also it can modify the 

distribution of leaf biomass between support 

and functional tissues (Xu et al., 2008). With 

the stem textures being pubescent or glabrous; 

stem colour – green or light green; dot at 

stipule – black or yellow (Fig. 6). The floral 

morphology showed the presence of four to 

five, green, gamosepalous calyx and four to 

five light pink observed in 3 accessions (Fig. 7) 

or dark pink observed in 9 accessions(Fig. 8) 

gamopetalous corolla. The petal colour of the 

flower is one of the important characters for 

characterization. Similar results were observed 

by Kashiram (1930) in Sesamum, 

Tarasatyavathiet al. (2004) and Kumar et al. 

(2005) studied petal colour in jute accessions 

and reported that the actions of the genes were 

responsible for variations in the petal colour of 

the genotypes. The genes determine the colour 

of the petal by developing or blocking of 

anthocyanin pigmentation. 

Pod characteristics influence the yielding 

ability of the plant. Variations were observed 

for various characteristics such as number of 

pods per plant, pod length, pod breadth, pod 

size and pod shape, pod beak and number of 

locules per pod which help for classifying the 

accessions into different group (Table 4 and 5). 

There was no variation in fruit shape as all the 

accessions were observed to have oblong fruit 

shape with four lobes. The variation in pod 

number may be due to pod bearing ability of 

the accession itself. The fruit end forms have 

great diagnostic features among the accessions. 

The accessions were observed to have cirrhose, 

dentate or cordate fruit end form (Table 4). 

Suhasini (2006) reported that the inheritance of 

capsule length was found to be conditioned by 

two to five pairs of factors with a heritability 

value of 50 to 70 per cent indicating the genetic 

influence in determining the pod length. The 

number of locules per pod did not vary with the 

accession; all the accessions were observed to 

have four locules. Similar type of results by 

Suhasini (2006) in chickpea sesame accessions 

reported that the genotypic expression of four 

and six loculed pods is mainly controlled by 

the gene actions as four locules expression is 
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governed by dominant gene and six loculed by 

recessive gene in Sesamum. 

In hierarchical cluster analysis, accessions were 

grouped based on the coded data matrix of both 

quantitative and qualitative traits. The 

dendrograms constructed from the pooled data 

(Fig.1) clearly showed, five major clusters 

namely cluster 1, 2, 3, 4 and 5. Only one 

accession (Lale-duk) was found on cluster 3 in 

the four methods of analysis. Figs 1 – 2 and 

Table 6 showed that Ex-gombe 6, Kenana 4 

and Ex-gombe 5 were found in cluster 1, 2 and 

4 respectively using the average linkage, single 

linkage and centroid linkage methods (Table 

6). These indicated the morphological 

diversities between and within these 

accessions, hence, the need to delimit the taxa. 

In conclusion, the present analysis using 

morphological features in accessions of 

Sesamumindicum indicated the existence of 

variation among the samples which can form a 

basis for developing a system of varietal 

identification and the possibility of improving 

the crop. Specifically, the accession lale-duk 

showed the highest representation of distinct 

morphological characters in all the groups.  

However, additional effort using other 

taxonomic markers to support the present 

findings with a view to enhance the 

delimitation of the accessions of S. indicum for 

mapping out breeding schemes for improved 

yield is hereby recommended.  

 

Table 1: List of accessions studied 
S/No. accessions of S. indicum 

1 Adaw-ting 

2 Adaw-ting (improved) 

3 Adaw-wula 

4 Ex-Gombe 1 

5 

6 

Ex-Gombe 2 

Ex-Gombe 3 

7 Ex-Gombe 4 

8 Ex-Gombe 5 

9 Ex-Gombe 6 

10 Ex-Sudan 

11 Kenana 4 

Lale-duk 12 

 
 

 

 

 

Table 2: Qualitative morphological characters of accessions of S. indicum studied 

Acc. Leaf Type 
Leaf 

Shape 

Leaf 

Margin 

Leaf 

Base 

Leaf 

Apex 

Leaf 

Surface 

Leaf 

arrangement 

Leaf 

colour 

Stem 

Texture 

Stem 

Colour 

Stem 

type 

Spot at 

Stipule 

1 unipinnate Lanceolate serrated acute Acute glabrous dou opposite green  glabrous L green postrate brown 

2 unipinnate Lanceolate entire acute Acute pubescent alt spiral green  glabrous L green postrate yellow 

3 

4 

unipinnate 

unipinnate 

lanceolate 

lanceolate 

entire 

entire 

acute 

acute 

Acute 

Acute 

pubescent 

glabrous 

opp spiral 

opp spiral 

green  

green  

glabrous 

pubescent 

L green 

L green 

postrate 

postrate 

brown 

brown 

5 unipinnate Lanceolate entire acute Acute glabrous opposite  green  glabrous green postrate brown 

6 bipinnate Cordate biserrated cordate Acute pubescent opp spiral green  pubescent green postrate brown 

7 unipinnate Lanceolate entire obtuse Acute glabrous alternate green  glabrous L green postrate yellow 

8 unipinnate Ovate serrated obtuse Acute pubescent alt spiral green  pubescent L green postrate Brown 

9 unipinnate Ovate serrated acute Obtuse pubescent opp spiral green  pubescent L green postrate Brown 

10 unipinnate lanceolate entire acute Acute pubescent opposite green  pubescent L green postrate Yellow 

11 unipinnate lanceolate entire acute Acute pubescent opp spiral green  pubescent L green postrate Brown 

12 unipinnate lanceolate entire acute Acute glabrous opp spiral green  glabrous L green postrate Yellow 
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              Table 3: Floral morphological characters in accessions of S. indicumstudied 

Accessions Corolla Colour Cymose 

Inflorescence 

Adaw-ting Dark pink dichasial cyme 

Adaw-ting 

(improved) 

Dark pink polychasial cyme 

Adaw-wula Dark pink polychasial cyme 

Ex-Gombe 1 Dark pink polychasial cyme 

Ex-Gombe 2 

Ex-Gombe 3 

Light pink 

Light pink 

polychasial cyme 

monochasial cyme 

Ex-Gombe 4 Dark pink dichasial cyme 

Ex-Gombe 5 Light pink dichasial cyme 

Ex-Gombe 6 Dark pink dichasial cyme 

Ex-Sudan Dark pink polychasial cyme 

Kenana 4 Dark pink monochasial cyme 

Lale-duk Dark pink dichasial cyme 

    

     Table 4: Fruit pod morphological features in accessions of S. indicum 
 

Accessions Fruit Size Fruit End 

Form 

Adaw-ting Medium  dentate 

Adaw-ting (improved) Medium  dentate 

Adaw-wula Large  cirrhose 

Ex-Gombe 1 Small  dentate 

Ex-Gombe 2 

Ex-Gombe 3 

 Medium  

Medium  

cirrhose 

cirrhose 

Ex-Gombe 4 Medium  cirrhose 

Ex-Gombe 5 Large cirrhose 

Ex-Gombe 6 medium dentate 

Ex-Sudan Medium cirrhose 

Kenana 4 Large cirrhose 

Lale-duk Small cordate 
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Table 5: Quantative morphological characters in accessions of S. indicum 

Ac

c. 

Plant 

height 

(cm) 

No. of 

Branc

hes 

per 

Plant 

No. of 

Leaves 

per 

Plant 

Leaf 

Length 

(cm) 

Leaf 

Breadth 

(cm) 

Petiole 

Length 

(cm) 

No. of 

Pods 

per 

Plant 

Fruit 

Length 

(mm) 

Fruit 

Breadth 

(mm) 

Fruit Size 

1 90.58±

3.00 

2.00± 

0.63 

43.60±1

.33 

7.44±0.33 4.20±0.15 2.42±0.11 45.20± 

6.43 

26.93± 

1.78bc 

8.90± 

0.27 

185.88± 

19.74 

2 96.38±

5.81 

3.20± 

0.49 

45.60±3

.83 

9.18±0.59 3.48±0.34 3.20±0.39 25.80± 

1.62 

24.87± 

0.67bc 

7.78± 

0.17 

154.35± 

6.56b 

3 100.22

±10.01 

2.40± 

0.40 

38.00±2

.43 

12.29±1.1

1 

4.42±0.25 4.34±0.29 45.00± 

6.77 

27.16± 

1.51bc 

8.84± 

0.16 

190.33± 

13.36 

4 102.60

±1.43 

24.80

± 5.12 

166.40±

2.23 

7.90±0.67 3.92±0.27 1.88±0.18 89.20± 

18.76 

26.94± 

1.72bc 

7.57± 

0.21 

162.01± 

13.98 

5 90.66±

2.34 

1.6± 

0.40 

46.20±1

.62 

10.92±0.6

2 

4.18±0.58 3.14±0.32 17.00± 

2.53 

24.48± 

0.52bc 

7.15± 

0.17 

139.34± 

5.11b 

6 67.86±

4.66 

89.2± 

26.98 

227.10±

10.43 

3.32±0.13 2.26±0.14 1.36±0.04 120.20±

9.05 

13.63± 

0.38a 

7.00± 

0.13 

75.32± 

3.16 

7 101.70

±12.89 

3.6± 

0.75 

56.00±3

.75 

9.66±0.57 2.32±0.45 0.82±0.04 48.60± 

3.46 

27.35± 

2.18bc 

9.52± 

0.20 

206.16± 

17.86 

8 85.70±

4.53 

22.40

± 4.44 

63.60±6

.85 

8.28±0.40 4.52±0.29 0.98±0.15 65.00± 

7.81 

23.94± 

0.77bc 

7.60± 

0.22 

144.18± 

8.30 

9 89.08±

6.71 

16.80

± 3.67 

167.20±

2.06 

8.08±0.44 3.56±0.23 2.74±0.32 45.20± 

6.95 

25.73± 

1.18bc 

7.39± 

0.17 

151.39± 

8.11b 

10 97.04±

7.14 

2.80± 

0.49 

16.8± 

1.24 

11.04±0.4 2.72±0.27 1.24±0.19 70.00± 

5.36 

30.75± 

1.98b 

8.71± 

0.37 

212.81± 

19.58 

11 115.08

±6.84 

3.80± 

0.20 

47.00± 

3.87 

11.62± 

0.86 

3.88±0.32 3.86±0.17 46.20± 

2.15 

31.65± 

2.28b 

9.24± 

0.18 

232.18± 

20.93 

12 93.52±

8.33 

2.80± 

0.49 

43.20± 

4.60 

10.2±0.48 2.66±0.27 2.40±0.08 39.00± 

4.44 

26.68± 

3.31bc 

8.52± 

0.49 

183.12± 

30.52 

 

Table 6: Groups of accessions according to the method of analysis 

  Cluster Membership 

Method of 

Analysis 

group 1 group 2 group 3 group 4 group 5 

Average 

Linkage 

Ex-Gombe 6 Kenana 4 Lale-duk Ex-Gombe 5 Ex-Sudan, Adaw-wula, 

Adaw-ting, Adaw-ting 

(improved), Ex-Gombe 4, 

Ex-Gombe 2, Ex-Gombe 3 

Complete 

Linkage 

Ex-Gombe 6, 

Adaw-ting 

(improved), 

Adaw-ting 

kenana 4, 

Adaw-wula, 

Ex-Gombe 3, 

Ex-Gombe 2 

lale-duk Ex-Gombe 5, 

Ex-Gombe 4 

ex-Sudan,  ex-Gombe 1 

Single 

Linkage 

EX-gombe 6 Kenana 4 Lale-duk Ex-Gombe 5 Ex-Sudan, Adaw-wula, 

Adaw-ting, Adaw-ting 

(improved), Ex-Gombe 4, 

Ex-Gombe 2, Ex-Gombe 3 

Centroid 

Linkage 

Ex-Gombe 6 Kenana 4 Lale-duk Ex-Gombe 6 Ex-Sudan, Adaw-wula, 

Adaw-ting, Adaw-ting 

(improved), Ex-Gombe 4, 

Ex-Gombe 2, Ex-Gombe 3 
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Fig. 1: Dendrogram using Nearest Neighbour Squared Euclidean Distance in accessions of S. indicum 

Fig. 2: Dendrogram using Furthest Neighbour Squared Euclidean Distance in accessions of S. indicum 
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